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CONVERSION FACTORS

For readers who prefer to use metric (International
System) units, conversion factors for inch-pound units used
in this report are listed below. Constituent concentrations
are given in mg/L (milligrams per liter), which is equal to
parts per million. Specific conductance is expressed as
uS/cm (microsiemens per centimeter at 25 degrees Celsius).

Multiply inch-pound unit By To obtain metric unit
acre 4,047 square meter
acre-foot 1,233 cubic meter
cubic foot per second 0.02832 cubic meter per

(ft3/s) second
foot (ft) 0.3048 meter
foot squared per day 0.0929 meter squared per
(Ft2/d) day
inch (in.) 25.4 millimeter
kilowatthour (kWh) 3,600,000 joule
mile (mi) 1.609 kilometer
pound per square 6.895 kilopascal
inch (psi)

Water temperatures in °C (degrees Celsius) can be
converted to °F (degrees Fahrenheit) by the equation:

°F = (1.8)(°C) + 32

Sea level: In this report, "sea level" refers to the
National Geodetic Vertical Datum of 1929 (NGVD of 1929),
which was derived from a general adjustment of the first-
order level nets of both the United States and Canada,
and formerly was called "mean sea level of 1929."



HYDROLOGY OF THE OAKRKLEY FAN AREA, SOUTH-CENTRAL IDAHO
By

H.W. Young and G.D. Newton

ABSTRACT

The Oakley Fan area is a broad, crescent-shaped lowland
along the southern margin of the Snake River Plain in
south-central Idaho. Intensive ground-water development for
irrigation has resulted in rapid water-level declines
and, as a consequence, designation by the State of four
Critical Ground-Water Areas.

Principal aquifers are in limestone, rhyolite, basalt,
and alluvium. Annual water-level declines range from 3
feet to about 5 feet. Recharge to the ground-water system
is from infiltration of surface water used for irrigation,
precipitation on the surrounding mountains, infiltration of
localized runoff, and upward movement of thermal water.
Ground-water pumpage during the period 1979-84 averaged
173,000 acre—-feet per year.

Surface and ground water is predominantly a calcium
bicarbonate type with variable concentrations of dissolved
solids. Comparisons of silica and chloride concentrations
and isotopic composition of ground water were useful in
determining areal extent of aquifers and movement of ground
water.

A three-dimensional mathematical model of the Oakley
Fan area was developed. The aquifer system was simulated in
three phases: (1) Average 1979-84 hydrologic conditions,
(2) 1910 hydrologic conditions, and (3) 1910-84 hydrologic
conditions. Model simulation indicated that, for the period
1945-79, subsurface outflow declined from 327,000 acre-~feet
per year to 215,000 acre-feet per year. Simulated ground-
water pumpage during the period 1945-79 was 3,000,000
acre~feet; simulated change in storage was 250,000 acre-feet.
Simulations with the model approximate natural conditions
and probably can be used to evaluate future changes in the
hydrologic system.



INTRODUCTION

Eight areas in southern Idaho have been designated by
the Idaho Department of Water Resources as Critical Ground-
Water Areas. Areas so designated typically exhibit prom-
inent declines in ground-water levels and are closed to
further unrestricted ground-water development. The Oakley
Fan in west Cassia and northeastern Twin Falls Counties
includes four Critical Ground-Water Areas (pl. 1): (1)
Artesian City, established in 1962; (2) Cottonwood, estab-
lished in 1962; (3) Oakley-Kenyon, established in 1962; and
(4) West Oakley Fan, established in 1982.

Ground-water levels in the Oakley Fan area have
continued to decline even with restricted ground-water
development. Since about 1976, water levels have declined
as much as 5 ft/yr. Pumping lifts in the area are commonly
about 400 ft, and continued water-level declines could soon
render pumping of ground water for irrigation economically
unfeasible. Because irrigated agriculture and associated
processing of agricultural products are major economic
activities in the area, continued water-level declines are
of great concern to residents.

As a result of this concern, the Southwest Irrigation
District was formed to consider the feasibility of artifi-
cially recharging aquifers in the Oakley Fan area. In
anticipation of an artificial recharge program, the U.S.
Geological Survey, in cooperation with the Southwest Irriga-
tion District, conducted a mass well inventory and water-
level measurement program. In March and April of 1984,
water levels in about 500 wells were measured as part of
this preliminary work; the existing observation-well network
in the area was expanded from 15 to 30 wells, and water-
level measurements were obtained monthly throughout the rest
of 1984.

Results of the mass well inventory and water-level
measurement program were published in the summer of 1984
(Young, 1984). These preliminary data indicate that the
Oakley Fan area is hydrologically and geologically complex.
The ground-water system comprises at least four aquifers,
and several faults displace water-bearing rock or act as
barriers to the movement of ground water.

A more detailed study was begun to define the geo-
hydrology of the Oakley Fan area so a ground-water model
could be developed before an artificial recharge program
began.



Purpose and Scope

The U.S. Geological Survey undertook this 2%-year
study, results of which are presented in this report,
as part of a continuing cooperative program of water-
resource investigations in the State of Idaho. The study
was designed to meet the needs of the Southwest Irrigation
District in considering the feasibility of artificially
recharging aguifers in the Oakley Fan area. Specific
purposes of the study were to: (1) Examine available data
needed to describe geohydrology of the area; and (2)
develop a ground-water model that could be used to evaluate
effects of present and future water-management practices on
the aquifer systems.

The major emphasis of the study was development of the
ground-water flow model. Work accomplished during the
investigation included: (1) Collection of periodic water-
level data from 33 wells; (2) determination of the volume
of ground-water pumpage for 1irrigation; (3) study of the
relation between surface- and ground-water systems; (4)
appraisal of surface- and ground-water chemistry; (5)
geochemical mapping; (6) collection of streamflow data on
seven streams; and (7) development and calibration of a
ground-water flow model.

Location and Geographic Features

The Oakley Fan area is a broad, crescent-shaped lowland
along the southern margin of the Snake River Plain in
south-central Idaho (pl. 1). The western part of the fan
includes Big Cottonwood and Dry Creeks, which drain the
northern part of the Rock Creek Hills and flow into Murtaugh
Lake. The central and eastern parts of the fan include the
northern part of Goose Creek basin. Goose Creek, a southern
tributary to the Snake River, drains parts of northwestern
Utah and northeastern Nevada. The flat surface of the
Oakley Fan is broken occasionally by broad volcanic domes,
called buttes, which rise several hundred feet above
the plain.

The fan slopes gently northward from an altitude of
4,584 ft above sea level at Oakley to an altitude of 4,165
ft at Burley on the east and an altitude of 4,082 ft at
Murtaugh on the west. The fan is bounded on the southeast
by the Albion Mountain Range (pl. 1), which rises to an
altitude of 10,339 ft at Cache Peak and, on the southwest,
by the Rock Creek Hills (pl. 1), which rise to an altitude
of 8,050 ft at Monument Peak. The Snake River is the
northern boundary of the fan.



Previous Studies

Numerous reports have been written describing various
aspects of ground-water hydrology of the Oakley Fan area.
Some of the earliest geologic and hydrologic studies were
done by Piper (1923); Anderson (1931); Stearns, Crandall,
and Steward (1938); Crosthwaite (1957); and Mundorff,
Crosthwaite, and Kilburn (1964). Data on wells from
drillers' logs were compiled by West and Fader (1952)
and Mower (1953), and unpublished data were collected by
the U.S. Geological Survey.

The most recent reports of the Oakley Fan area were
those of Crosthwaite (1969), Edwards and Young (1984),
Young (1984), and Burrell (1987). Crosthwaite's report
included the Goose Creek and Rock Creek basins, which
encompass the entire Oakley Fan area. Much of the initial
information on ground-water hydrology of the Oakley Fan
area used in this report was based on Crosthwaite's investi-

gation. Edwards and Young (1984) described ground-water
conditions in the Cottonwood and West Oakley Fan Critical
Ground-Water Areas. Young (1984) presented the most

current ground-water information available for the Oakley
Fan area. This map report includes potentiometric surface
contours, directions of ground-water movement, and delin-
eation of perched-water =zones. Young (1983) and Young and
Norvitch (1984) documented ground-water level trends and
rates of water-level declines in the Oakley Fan area.
Burrell (1987) developed a computer program to calculate
recharge in the Oakley Fan area.
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U.S. Geological Survey Numbering Systems

The well- and spring-numbering system (fig. 1) used by
the U.S. Geological Survey in Idaho indicates the location
of wells or springs within the official rectangular subdi-
vision of public lands, with reference to the Boise Meridian
and base line. The first two segments of the number desig-






nate the township (north or south) and range (east or west).
The third segment gives the section number; three letters,
which indicate the % section (160-acre tract), %-% section
(40-acre tract), and %-%-% section (l0-acre tract); and
serial number of the well within the tract.

Quarter sections are designated by the letters A, B, C,
and D in counterclockwise order from the northeast quarter
of each section. Within quarter sections, 40-acre and
l0-acre tracts are lettered in the same manner. For example,
well 12S-21E-2DAAl is in the NE4NE%SE% sec. 2, T. 12 S., R.
21 E., and was the first well inventoried in that tract.
Springs are designated by the letter "S" following the last
numeral; for example, 13S-23E-8BCC1S.

Each surface-water gaging station has been assigned a
number in downstream order in accordance with the permanent
numbering system used by the U.S. Geological Survey.
Numbers are assigned in a downstream direction along the
main stream, and stations on tributaries between main-stream
stations are numbered in the order that the tributaries
enter the main stream. A similar order is followed on other
ranks of tributaries. The complete 8-digit number, such as
13088510, which is used for the station "Big Cottonwood
Creek near Oakley," includes the part number "13," which
indicates that Big Cottonwood Creek is in the Snake River
basin, plus a 6-digit station number.

GEOLOGY
Lithology

Geologic units in the Oakley Fan area are: (1) Un-
differentiated pre-Tertiary rocks, (2) Tertiary silicic
volcanics (locally called rhyolite), (3) Quaternary and
Tertiary basalts, and (4) Quaternary alluvium. Water-
bearing characteristics of each unit are discussed in
the section, "Ground-Water Hydrology." Areal distribution
is shown on plate 2.

Pre~Tertiary rocks consist mostly of dense, massive
quartzite, schist, and marble in the Albion Mountain Range,
and 1limestone, shaly, cherty limestone, quartzite, sand-
stone, and shale in the Rock Creek Hills. Limestone under-
lies most of the Cottonwood Critical Ground-Water Area.
This rock unit also underlies the Tertiary silicic volcanics
in the West Oakley Fan Critical Ground-Water Area and is
thought to underlie most of the southern half of the
study area. Total thickness of the unit is unknown.



Tertiary silicic volcanics consist mostly of welded ash
flows, bedded tuffs, and lava flows of rhyolitic and latitic
composition. Individual flows are dense; many are massive
and commonly vesicular and are generally reddish-brown,
gray, or black. Jointing ranges from platy to columnar.
The tuffs or ash beds are fine to coarse grained and gener-
ally light colored. The silicic volcanics also include some
interbedded silt, sand, and dgravel beds, and may include
some Tertiary sediments of the Miocene and Pliocene Salt
Lake Formation. The unit is exposed throughout the Rock
Creek Hills and forms a prominent ridge east of Oakley and
The Knolls (locally called Churchill Knolls). The silicic
volcanics underlie most of West Oakley Fan, Oakley-Kenyon,
and Artesian Critical Ground-Water Areas. The unit generally
has not been identified in well logs north of the line
between townships 11 and 12 south because of lack of
deep wells. Total thickness of the unit may exceed 2,500 ft.

Quaternary and Tertiary basalts consist mostly of light
to dark gray olivine basalts. Individual flows range from
dense to vesicular, aphanitic to porphyritic, and irreqular
to widely columnar jointed. Thickness of individual
flows ranges from a few feet to several tens of feet.
Included in the unit are basaltic cinders and rubbly basalt
at the bottom and top of individual flows. Some interbedded
sediments, mostly clay, sand, and gravel, are included in
the unit. The unit is exposed in the northern part of the
Oakley Fan area, where it is generally covered by a thin
layer of windblown deposits. The basalts overlie the
Tertiary silicic volcanics and underlie the Quaternary
alluvium. In the northern part of the Oakley Fan area, the
basalt flows interfinger with the Quaternary alluvium.
Thickness of the unit is variable but generally does not
exceed 600 ft.

Quaternary alluvium consists mostly of clay, silt,
sand, and gravel. The unit is unconsolidated to well
compacted and is poorly sorted. The unit also includes
windblown deposits which cover most of the Oakley Fan area.
South of Burley, alluvium deposited by the Snake River
interfingers with alluvium deposited by Goose Creek.
Outwash from streams has created other extensive alluvial
deposits along the margins of the Oakley Fan. Neither
basalt nor silicic volcanics were encountered in a 1,000-ft
well (13S-22E-21CCD2, pl. 1) several miles north of Oakley.
Absence of these units may indicate filling of an ancestral
channel of Goose Creek by alluvial deposits. Thickness of
the Quaternary alluvium is highly variable but generally
ranges from less than 1 to 300 ft.



Structure

Several faults strongly influence the movement of
ground water in the Oakley Fan (pl. 3). The faults form
barriers to lateral movement when permeable rock on one side
has been displaced so that it lies opposite less permeable
rock on the other side, or when the fractured area along the
fault is filled with impermeable material.

The most obvious evidence of faulting is Churchill
Knolls, a rhyolitic butte in section 20, T. 12 S., R. 22 E.
(pl. 2). The southwest side of the butte is a fault escarp-
ment approximately 100 £t high. Geologic interpretations
from drillers' logs indicate that this partially buried
fault block has risen more than 300 ft relative to rocks on
the other side of the fault. Evidence of the Churchill
Knolls fault to the northwest is not present at land sur-
face; however, 1lithologic discontinuities evident in
drillers' 1logs and variable ground-water 1levels indicate
that the fault may extend to the Snake River. Water levels
on the southwest side of the fault are as much as 100 ft
higher than those on the northeast side in the vicinity of
the Churchill Knolls.

Foothills Road is nearly coincident with the Foothills
Road fault, which displaces the limestone downward to the
northeast (Anderson, 1931, p. 23-67). Water levels on the
southwest side of the fault are as much as 300 ft higher
than those on the northeast side of the fault. The Foot-
hills Road fault, which parallels the Churchill Knolls
fault, may be truncated by a more westerly trending fault(s)
along the base of the foothills south of Murtaugh Lake.

SURFACE-WATER HYDROLOGY

Climate and Precipitation

Climate in the Oakley Fan area ranges from semiarid
in the lowlands to subhumid in the mountains. Variation in
climatic conditions is caused primarily by topographic
relief.

Mean annual temperatures recorded by the National
Weather Service are 49.6 °F (9.8 °C) at Burley (altitude
4,146 ft) and 48.7 °F (9.3 °C) at Oakley (altitude 4,600
ft). Mean monthly temperatures at Burley (fig. 2) range
from 26.6 °F (-3 °C) in January to 73.8 °F (23.2 °C) in
July. Mean monthly temperatures at Oakley (fig. 2) range
from 27.5 °F (-2.5 °C) in January to 69.2 °F (20.7 °C) in
July. The average frost-free growing season is 123 days at
Oakley and 147 days at Burley.
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Mean annual precipitation ranges from about 10 in. on
the Oakley Fan to about 55 in. on nearby mountains (Thomas
and others, 1963). Months with the highest precipitation
(fig. 2) are May and June at Oakley and January and May at
Burley. Months with the lowest precipitation are February
at Oakley and July at Burley. The amount of precipitation
during the frost-free growing season on the Oakley Fan
ranges from 4.23 in. at Oakley (37 percent of the mean
annual) to 3.06 in, at Burley (32 percent of the mean
annual).

Streamflow

All available surface water in the Oakley Fan area is
used for irrigation or infiltrates into the ground-water
systems. Monthly discharge measurements provide a way of
determining a stream's seasonal flow distribution and mean
annual runoff. Monthly discharge measurements were made
during the period August 1984 to December 1986 on seven
streams in the Oakley Fan area. Locations of these sites
are shown on plate 1 and measured discharges are listed in
table 1.

The monthly measurements were used to estimate the
monthly mean discharge for seven sites by a method described
by Riggs (1969), which correlates the measured monthly
discharge of a stream concurrently with the mean daily
discharge at a nearby continuous-recording stream gage.
Discharge values from the continuous-recording gage on
Trapper Creek were used for correlation with other streams
in the Oakley Fan. The resultant estimates of monthly mean
discharges for the 1985 water year for the seven selected
streams are given in table 2.

The process used to convert the monthly mean discharges
for 1985 water year to the mean monthly discharge for each
stream in table 2 is as follows: (1) The monthly mean
discharges developed by the Riggs method were used to
determine annual mean discharge for the 1985 water year;
(2) the annual mean discharge then was adjusted to a mean
annual discharge by assuming the same relation of 1985
annual mean to mean annual exists at the measurement site
and the correlation station; (3) the mean monthly discharge
for each month was estimated by a percentage of the mean
annual flow for each month as determined by the nearby
station record. The mean annual runoff for each stream was
computed and is given in table 2. For example, table 2
indicates that highest mean monthly discharge for Big
Cottonwood Creek was 21 ft ¥s in May. Mean monthly runoff
for Big Cottonwood Creek in May was 1,300 acre-ft and mean
annual runoff was 7,200 acre-ft.

10



Table 1.--Monthly discharge, specific conductance, and water temperature measurements

for selected streams, 1984-86

[--, no data available]

Spe-
Dis- cific
charge, con-
Station number Date instan- duc- Temper-—
(locations shown of taneous tance ature
on pl. 1) Station name sample (ft ¥s) (uS/cm) (°C)
13083000 Trapper Creek near Oakley 1-19-84 11 208 5.5
2-10-84 15 256 4.0
3-22-84 20 216 9.0
4-19-84 37 177 9.0
5-10-84 66 162 10.0
5-15-84 146 153 6.0
6-12-84 72 144 9.5
7-18-84 27 179 18.0
8-22-84 13 255 17.0
10- 1-84 13 255 12.5
11- 6-84 17 268 7.0
12-12-84 16 236 1.5
1-15-85 16 262 .5
3- 6-85 16 264 6.5
4~ 2-85 20 23¢9 11.0
5- 8-85 37 176 10.5
6-12-85 17 193 14.0
7-31-85 13 261 15.0
8-21-85 11 259 21.5
8-26-85 12 297 16.0
9-10-85 13 254 12.0
10-17-85 14 275 6.5
12- 5-85 14 258 4.0
1-15-86 13 273 4.0
2-18-86 49 166 6.0
3- 3-86 36 201 6.0
4- 8-86 44 182 7.5
5-13-86 41 168 9.0
7- 2-86 13 250 17.5
8-11-86 13 240 18.0
13084400 Birch Creek above Feeder Canal near Oakley 8-14-84 8.9 353 17.5
9-17-84 6.0 375 17.5
10-18-84 7.8 397 5.0
11-20-84 6.0 377 4.0
12-19-84 6.3 367 -
1-22-85 6.2 333 3.5

11



Table 1.--Monthly discharge, specific conductance, and water temperature measurements
for selected streams, 1984-86--Continued

Spe-
Dis~ cific
charge, con-
Station number Date instan- duc- Temper-
(locations shown of taneous tance ature
on pl. 1) Station name sample (ft ¥/s) (uS/cm) (°C)
13084400 Continued 2-12-85 6.5 364 4,0
3-20-85 12 360 6.0
4-16-85 23 263 13.0
5-14-85 17 252 8.0
6-11-85 11 286 16.0
7-17-85 4,2 334 25.0
8-13-85 3.1 353 19.5
9-19-85 3.9 310 19.0
10-17-85 4.4 379 9.0
11-18-85 5.4 384 .5
12-11-85 4,9 393 0
1-23-86 6.3 359 2.0
2-12-86 5.9 355 2.0
3-18-86 15 273 6.5
4-15-86 36 234 10.5
5-20-86 32 229 15.0
6-19-86 13 274 18.0
7-17-86 6.8 341 -
8-20-86 4.7 379 19.0
9-18-86 5.7 355 -
13084630 Land Creek near Burley 8-16-84 1.6 298 14.0
9-18-84 1.3 294 17.0
10-18-84 1.2 314 4.0
11-20-84 1.3 279 4.0
12-19-84 1.2 283 0
1-22-85 1.1 221 3.5
2-12-85 1.6 252 3.0
3-20-85 4,3 150 5.5
4-16-85 9.1 125 10.0
5-14-85 3.8 161 7.5
6-11-85 2.3 216 11.5
7-17-85 1.1 235 21.0
8-13-85 .88 270 15.0
9-19-85 .92 237 11.5
10-17-85 .83 335 9.5
11-14-85 .93 299 3.0
12-10-85 1.0 226 0
1-23-86 1.2 240 2.5
2-12-86 1.8 205 3.0
3-18-86 3.4 169 8.5
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Table

1.--Monthly discharge, specific conductance, and water temperature measurements

for selected streams, 1984-86--Continued

Spe-~
Dis~ cific
charge, con—~
Station number Date instan- duc- Temper-
(locations shown of taneous tance ature
on pl. 1) Station name sample (ft 3/s) (nS/cm) (°C)
13084630 Continued 4-15-86 5.2 125 9.0
5~20-86 9.8 129 14.0
6~20-86 3.7 216 10.0
7-17-86 1.5 248 -
8-20-86 1.3 294 13.5
9-18-86 .77 283 —
13088400 Dry Creek near Artesian City 8-15-84 3.2 136 20.0
9-17-84 1.8 123 17.5
10-19-84 2.6 138 6.0
11-21-84 3.1 137 6.0
12-20-84 2.6 122 1.0
1-23-85 2.2 119 3.0
2-13-85 2.2 118 4.0
3-21-85 18 120 4.5
4-17-85 89 88 7.0
5-14-85 28 84 6.5
6-12-85 7.3 97 11.0
7-18-85 1.5 113 15.5
8-16-85 .6 130 18.0
9-18-85 .93 109 13.0
10-15-85 1.4 157 11.5
11-15-85 .95 133 6.0
12-12-85 1.6 128 3.0
1-24-86 8.2 121 3.0
2-12-86 5.0 119 5.0
3-18-86 19 108 2.5
4-16-86 47 - 8.0
5-20-86 41 —_ 10.0
6-19-86 7.3 108 17.0
7-17-86 2.1 119 -
8-20-86 .66 133 15.0
9-19-86 1.5 129 21.0
11-18-86 1.8 - -
12-17-86 3.6 113 -
13088525 Big Cedar Creek near Oakley 8-16-84 .03 282 14.0
4-16-85 6.9 149 1.0
5-13-85 3.7 130 12.0
6-~11-85 .76 144 16.5
3-18-86 1.1 163 3.0
4~16-86 3.4 128 5.5
5-20-86 2.6 129 13.0
6-19-86 .36 149 18.0
13084590 Mill Creek near Basin 8-15-84 - 140 14.0
9-18-84 .78 191 15.0
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Table l.--Monthly discharge, specific conductance, and water temperature measurements
for selected streams, 1984-86--Continued

Spe-
Dis- cific
charge, con-
Station number Date instan- duc- Temper-
(locations shown of taneous tance ature
on pl. 1) Station name sample (ft ¥s) (nS/cm) (°C)
13084590 Cont inued 10-18-84 1.8 163 1.5
11-20-84 1.5 161 1.5
12-19-84 1.2 161 0
1-22-85 1.1 156 1.5
2-12-85 .49 161 1.5
3-20-85 .96 161 3.0
4-16-85 8.2 114 7.5
5-14-85 9.9 75 5.0
6-11-85 9.7 69 8.0
7-17-85 1.8 116 20.0
8-13-85 .72 131 15.0
8-22-85 .70 141 12.0
9-19-85 .76 123 10.0
10-17-85 1.0 167 5.5
11-14-85 .94 160 0
12-10-85 .92 147 0
1-23-86 .83 152 0
2-12-86 .74 155 0
3-18-86 2.1 139 3.0
4-15-86 6.6 127 7.0
5~20-86 20 97 11.0
6-19-86 22 59 11.0
7-18-86 2.3 113 -
8-20-86 .66 157 15.0
9-18-86 1.4 141 -
13088510 Big Cottonwood Creek near Oakley 8-14-84 6.1 139 14.0
9-17-84 2.3 164 17.5
10-18-84 3.4 121 6.0
11-19-84 3.6 137 5.0
12-19-84 2.9 135 .5
1-22-85 2.1 128 3.0
2-13-85 2.5 123 3.0
3-20-85 4.5 116 7.0
4-16-85 57 72 10.0
5-13-85 50 72 10.5
6-11-85 15 84 15.0
7-18-85 4, 112 21.0
8-16-85 1.7 133 18.0
9- 4-85 .5 171 13.5
9-17-85 2.2 121 13.0
10-16-85 2.3 129 11.0
11-18-85 2.9 142 3.0
12-11-85 1.2 138 1.0
1-22-86 2.5 119 3.0
2-11-86 2.7 117 2.0
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Table 1.--Monthly discharge, specific conductance, and water temperature measurements
for selected streams, 1984-86--Continued

Spe-
Dis- cific
charge, con-
Station number Date instan- duc- Temper-
(locations shown of taneous tance ature
on pl. 1) Station name sample (ft ¥/s) {1S/cm) (°C)
13088510 Continued 3-18-86 12 93 5.0
4-15-86 62 71 9.0
5-20-86 78 65 12.5
7-22-86 3.4 115 -
8-19-86 1.6 138 18.5
9-18-86 1.7 129 -
11-18-86 2.6 - -
12-16-86 1.8 112 =
13084650 Willow Creek near Burley 8-16-84 3.9 94 11.5
9-18-84 3.2 94 17.5
10-19-84 5.6 94 5.0
11-20-84 4,5 97 3.5
12-19-84 4.8 91 1.0
1-22-85 4.4 87 3.5
2-12-85 4.2 92 4.0
3-20-85 3.4 101 4.5
4-16-85 5.1 116 9.0
5-14-85 5.2 101 6.0
6-11-85 8.3 73 8.0
7-17-85 5.1 80 13.0
8-13-85 4.2 88 11.0
8-22-85 4.4 88 8.0
9-19-85 3.3 74 11.0
10-17-85 2.8 103 9.5
11-14-85 3.0 99 2.0
12-10-85 4.0 87 0
1-23-86 3.8 89 3.5
2-12-86 4.0 93 3.0
3-18-86 3.7 96 7.0
4-15-86 3.7 96 7.0
5-22-86 7.3 94 5.0
6-20-86 14 72 8.0
7-17-86 7.7 82 -
8-20-86 5.9 89 10.0
9-18-86 5.4 86 -
11-19-86 3.8 - -
12-17-86 3.6 78 -
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GROUND-WATER HYDROLOGY

Occurrence and Movement

Principal aquifers in the Oakley Fan area are limestone
(pre-Tertiary rocks map unit, undifferentiated); rhyolite
(Tertiary silicic volcanics map unit); basalt (Quaternary
and Tertiary basalts map unit); and alluvium (Quaternary
alluvium map unit). Ground water is present primarily under
confined conditions in the 1limestone and rhyolite, under
unconfined conditions in the basalt, and in unconfined
perched zones in the alluvium. Water is contained in
fractures and weathered zones in the limestone; in frac-
tures, voids, joints, and sedimentary interbeds in the
rhyolite and basalt; and in intergranular spaces in the
alluvium.

The general direction of ground-water movement can be
inferred from the potentiometric surface. Movement is down
the hydraulic gradient and roughly perpendicular to the
potentiometric contours, from areas of recharge to areas
of discharge. The potentiometric surface includes the
surface of the water table where ground water is unconfined
and includes the head in areas where ground water is
confined.

Plate 3 shows potentiometric-surface contours and the
general direction of ground-water movement in the Oakley Fan
area (Young, 1984). The potentiometric surface was based on
water levels measured in about 500 wells in March and April
of 1984.

Water-Level Fluctuations

Ground-water levels decline in response to discharge
from aquifers and rise in response to recharge. Fluctua-
tions are significant on both short-term (seasonal) and
long-term (yearly) bases. Hydrographs of seasonal water-
level fluctuations can reveal the kinds of stresses on an
aquifer, and hydrographs of long-term fluctuations can
reveal the balance or imbalance between recharge and dis-
charge.

Under natural conditions (no influence from pumping
or irrigation), water levels are either relatively stable
or start to rise in the spring in response to infiltration
of snowmelt. This rise continues until early summer, then
water levels gradually decline. The decline continues
throughout fall and winter when recharge is insignificant.
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The seasonal character of water-level fluctuations in
agricultural areas is superimposed over natural fluctuations
and depends on whether ground water or surface water is the
principal source for irrigation. Where surface water is the
source, ground-water levels start to rise after the begin-
ning of an irrigation season, as some of the applied water
percolates to the saturated =zone. Water levels generally
begin to decline shortly after the end of the irrigation
season and continue to decline until the start of the next
season. Where ground water is the principal source, water
levels start to decline at the beginning of the irrigation
season in response to pumping. The decline continues
through the season until pumping ceases, then water levels
generally recover gradually.

Hydrographs of water 1levels in selected wells are
shown in figures 3 and 4. Well locations are shown on
plate 1. The hydrographs in figure 3 show seasonal fluctu-
ations for the period of study, whereas those in figure 4
indicate long-term trends.

Water-level fluctuations in the Oakley Fan area gener-
ally reflect ground-water pumping for irrigation. Hydro-
graphs of wells 11S-22E-14DACl, 13S-21E-4CCCl, and 13S-21E-
6DAD]1 (fig. 3) show seasonal fluctuations in an area of
ground-water irrigation and are typical of wells completed
in the basalt, rhyolite, and limestone aquifers, respec-
tively. 1In contrast, well 13S-22E-32CCBl shows fluctuations
in an area of predominantly surface-water irrigation and is
typical of wells completed in the perched alluvial aquifer
near Oakley.

Hydrographs in figure 4 show long-term water-level
records for selected wells. These long-term hydrographs
indicate the imbalance between recharge and discharge in the
aguifers underlying ground-water irrigated areas in the
Oakley Fan. For the period 1976-83, water levels in the
basalt aquifer (wells 11S-22E-32CCCl1 and 11S-23E-34CDC1)
declined about 3.5 to 3.0 ft/yr. Water 1levels in the
rhyolite aquifer (well 12S-21E-2DAAl) declined about 4.5
ft/yr during the same period. Declines in the limestone
aquifer (well 13S-21E-18BBCl) were about 25 ft/yr from 1961
to about 1969. Since then, the Idaho Department of Water
Resources has regulated the amount of withdrawals and the
rate of decline was about 5 ft/yr during the period 1976-83.

In about 1984, all hydrographs show a sharp break in
the downward trends of the late 1970's and early 1980's
(fig. 4), probably the result of above-normal precipitation
in 1983-84. In addition to supplying more recharge to the
aquifers, this above-normal precipitation caused a reduction
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Figure 3.--Hydrographs of ground-water levels showing
short-term fluctuations in selected wells.
(Locations of wells shown on plate 1)
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Figure 3.--Hydrographs of ground-water levels showing
short-term fluctuations in selected wells--Continued.
(Locations of wells shown on plate 1)
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Figure 3.--Hydrographs of ground-water levels showing
short-term fluctuations in selected wells--Continued.
(Locations of wells shown on plate 1)
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Figure 4.--Hydrographs of ground-water levels showing

long-term fluctuations in selected wells.
(Locations of wells shown on plate 1)
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in the amount of ground water pumped for irrigation (see
section, "Pumpage"). However, it is apparent in hydrographs
shown in figures 3 and 4 that by 1985, downward trends
similar to those prior to 1983 had resumed.

Recharge

The main sources of recharge to aquifers in the Oakley
Fan area are infiltration of surface water, which includes
water used for irrigation and losses through drainage
channels, streams, and lakebeds; precipitation on the
surrounding mountains; and local runoff. An unknown but
probably limited amount of recharge is from upward movement
of thermal water.

The ground-water system underlying the northern part of
the study area is recharged principally by irrigation water
diverted from the Snake River. In the Burley Irrigation
District, recharge is from leakage from the many irrigation
canals, laterals, and ditches that cross the district and
from downward percolation of applied irrigation water. Some
downward-percolating water has encountered less permeable
rock and has created several local perched-water zones 1in
the Burley Irrigation District. Percolation of water that
continues downward from these zones recharges the regional
ground-water system.

Estimates of monthly ground-water recharge were made by
Burrell (1987, p. 63-82) on the basis of data on surface-
water diversions and ground-water pumpage, crop distri-
bution, c¢limate, canal and stream losses, and soil charac-
teristics. An average annual recharge rate of 390,000
acre-ft was computed from Burrell's data for the period
1979-84. This estimate is similar to the estimate of
400,000 to 500,000 acre-ft obtained by Crosthwaite (1969, p.
27). Deep percolation was computed as a residual from
surface-water gains and losses which accounted for flow in
the unsaturated zone during periods of soil-moisture deple-
tion. Table 3 summarizes annual recharge from irrigation
and streamflow for the area south of the Snake River.
Recharge data for the area north of the Snake River were
modified from a report by Garabedian (in press). Most
recharge is within the boundaries of the Burley and Milner
Low-Lift Irrigation Districts (pl. 1).

Seepage from Murtaugh Lake also recharges the ground-
water system. Seepage losses from Murtaugh Lake and a 2-mi
reach of the J Canal were measured three times during the
study. The following table summarizes the results:
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Table 3.--Summary of recharge data in the study area

south of the Snake River, 1979-84

Pumpage Recharge Net recharge

Year (acre-feet) (acre-feet)! (acre-feet)
1979 218,000 412,000 194,000
1980 159,000 390,000 231,000
1981 214,000 360,000 146,000
1982 183,000 388,000 205,000
1983 153,000 390,000 237,000
1984 127,000 400,000 273,000
Average 176,000 390,000 214,000

lRecharge was determined by Burrell, (1987, p. 64, 65).
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Inflow to

Seepage for Murtaugh
irrigation season Lake or flow
Seepage (199 days) in canal
Date (ft 3/s) (acre-ft) (ft ¥s)

Murtaugh Lake

6-18-85 21.4 8,450 3,530

8-17-85 24.3 9,590 3,640

9-18-84 49.4 19,500 2,720
J Canal

6-19-85 14.4 5,680 390

8-17-85 14.7 5,800 310

9-19-84 12.6 4,970 139

Seepage from Murtaugh Lake, in part, is related to
ground-water pumpage. As ground-water levels decline during
the irrigation season, seepage from the lake increases.
Seepage from the J Canal also is controlled to some degree
by the amount of water in the canal.

The Snake River gains from and loses to the ground-
water system from Lake Walcott to near Murtaugh; however,
the overall result is zero net gain or loss. The river from
near Burley upstream to Lake Walcott gains from the perched
ground-water system underlying the Burley Irrigation Dis-
trict and loses to the ground-water system downstream to
near Murtaugh. Downstream from Murtaugh, the river enters a
deep canyon and gains ground water.

The pre-Tertiary rocks and the Tertiary silicic vol-
canics exposed in the catchment areas of the surrounding
mountains also compose the principal aquifers underlying the
southern part of the study area. The principal source of
recharge to these aquifers is precipitation in the mountains.
The pre-Tertiary rocks and the Tertiary silicic volcanics
accept snowmelt through fractures, joints, and other con-
nected pores that eventually transmit water to the aquifers
underlying the fan. Another source of recharge to the four
principal aquifers of the Oakley Fan area is infiltration
of runoff from many streams that drain the surrounding
mountains.
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Pumgage

Ground water is pumped for irrigation, municipal, rural
domestic, and stock uses. Although pumpage for municipal,
rural domestic, and stock uses was not computed as part of
this study, the total quantity is negligible compared with
quantity pumped for irrigation.

During most years, about 500 wells are pumped with
electric motors to irrigate croplands in the Oakley Fan
area. To calculate irrigation use, power records were
obtained from the Idaho Power Company. By using the power-
consumption data and by either measuring or estimating depth
to water and the dynamic pressure head while the well is
pumping, total seasonal pumpage can be computed by the
equation:

Q, = kWh
1.8 x (H + P)

where

Qt = total seasonal pumpage, in acre-feet;
kWh = total seasonal power consumed, in kilowatthours;

H = average depth to pumping water level, in feet;

P = average pressure head at the well, in feet of

water; and

1.8 = the average amount of power, in kilowatthours,

to 1lift 1 acre-ft of water 1 ft.

Water levels in about 30 wells were measured monthly
during the 1984 irrigation season to determine pumping water
levels and drawdown. On the basis of estimated drawdown
values and nonpumping water-level measurements reported by
Young (1984), values for pumping water levels were assigned
to all wells in the study area. Pressure heads at the wells
were estimated on the basis of water application method.
Hand-line sprinkler systems were estimated at 70 psi, or 162
ft of water, at the well head, and pivot sprinkler systems
were estimated at 90 psi, or 210 ft of water.

Ground-water pumpage for irrigation in the study
area for the period 1979-84 is shown in table 4. Pumpage
ranged from 218,000 acre-ft in 1979 to 127,000 acre-ft in
1984. The amount of annual pumpage directly affects long-
term water-level fluctuations shown in figure 4. When
pumpage is small, water levels are high; when pumpage is
large, water levels are low.
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WATER CHEMISTRY

Surface Water

Water samples were collected from five streams in
the Oakley Fan area to define the chemistry of the 1local
surface water. The samples were collected in August and
September when streamflows were lowest, Chemical analyses
are shown in table 5. Monthly specific conductance measure-
ments for the period of study also are included in table 1.

Patterns for chemical composition of sampled streams
are shown on plate 4. In addition, values of dissolved-
solids concentrations are given above each pattern. Differ-
ences and similarities among selected water chemistries can
be illustrated using a pattern method developed by Stiff
(1951). In this method, three parallel horizontal axes
extend on each side of a vertical central axis. Concentra-
tions of the three principal cations (Na, K, Mg) are plotted,
one on each horizontal axis to the left; likewise, concentra-
tions of the three principal anions (Cl, HCO3, SO04) are
plotted, one on each horizontal axis to the right. The
concentrations are expressed in milliequivalents per 1liter.
The resulting points are connected to form an irregular
polygon, which is a distinctive identifier of water chemistry.
The overall area of the polygon indicates the relative
dissolved-solids concentration.

Plate 4 shows that surface water in the Oakley Fan area
is chemically similar:; dissolved-solids concentrations range
from 55 mg/L at Willow Creek (station -13084650) to 240 mg/L
at Birch Creek (station 13084400).

Ground Water

Samples were collected from 41 wells and 6 springs
during this study (table 6) to define the chemistry of water
underlying the Oakley Fan area. Chemical analyses of water
from 12 wells sampled during previous studies also are
included in table 6.

The chemical character of ground water in the Oakley
Fan area, shown diagrammatically on plate 4, indicates that
the majority of sampled water in the study area is a calcium
bicarbonate type with varying concentrations of dissolved
solids. There are exceptions in the basalt aquifer in the
northern part of the study area, where sodium sulfate and
sodium bicarbonate type water is evident near Murtaugh Lake
and calcium chloride type water is evident south of Burley.

28



ST® S0° ot o0vT LY T €°9 L€ 6°T s8-% -6 0TS880€T
60" €0° 1s° o) ) T v°1 6°1 8° 68-¢C-8 059%80¢€T
90" 4N 1c* 16 ST [ 8°¢C VoL 8° G8-2¢-8 06S¥80€T
81" 90" €T ove SE € Le [ T S8-¥ -6 00%¥80ET
60°0 €0°0 0T°0 09T (44 T°0 [ 4 8°9 - 98-1C-8 000€80¢€T
(*Od se (d se (N se (1/bw) (018 (4 se (10 se (705 se (20D se ardues Iaqunu UOT3IeIS
1/bw) 1/bu) 1/bu) paaTos se 1/6bw) 1/bur) T1/bur) 1/6w) jo
12303 12303 paa1OsS -s1p 1/bur) paatlos paATOS paATOS poATOS 23ed
*snaoyd ‘snaoyd -sS1p fs3jueny paa1os -sST1p -s1p -s1p -s1p
-soyd -soyd €ON+ ¢ON -I3suod -sip ‘ap1a ‘opta ‘33e3INS ‘OpPIXOIp
‘usb jo ums ‘eDTTTS -onTd -OoTyD uoqgae)
=0a31IN ‘sp110S
8L 0 S6 8°¢g A LT 0L Lz €C 0 98- -6 0TS880€ET
(4% 0 €9 6°0 [ [ v e 9°1 [ 0 S8-2C-8 0S9¥80¢€T
Z9 0 9L 6°1 1A 0¢ L9 1°¢ LT 0 G8-¢C-8 069¥80€T
0T T 08T 1°¢€ 6" x4 €C L8 Sv 8 s8-¥ -6 00¥¥80€T
0€T 9 [AA Lz z°0 6 8°¢g LY 18 0 G8-T1C-8 000€80€ET
(€oDed (0D (€ ODH (M se oT3ea unipos (eN se (bW se (eD se (£0D¥D ordues Jaqunu uoIjels
se T/bu) se 7T/bu) se 7/bu) 1/bu) uoij Jusdaad 1/ bur) 1/bu) 1/bu) se T/bw) Jo
PIoT3 PT213 pIoT3 paaTos -daos paaTos paatos paaTos preoty @3ed
12303 12303 12303 -SIp -pe -sS1p -stp -s1p 12303
tA3TUTT ‘@3eUu0q ‘93eU0q ‘unTs wunTtpos ‘untpos ‘unts ‘untoTed ‘923eUO(q
-e) ¥ -ae) -aed1d -sej0d -aubep -1eduou
‘ssau
-paeH
69 S°ET 06°L LT S G8-% -6 Aa1yeo aeau 3231) poomuoljod big 015880¢€T
LE 0°8 00°8 88 AR G8-¢C-8 A@Tand aesu 931D MOTTIM 059¥%80¢T
Sq 0°Ct 0c°8 vt L G8-2¢-8 ursed aesu }s9a) TTTHW 065¥80€T
08T S ¢t 0ov-°8 SLE q°¢ S8-% -6 A3T3eQ aedu Teue) Adpdd4 dA0QeR HPIAD YdATH 00¥¥80€T
0z1 R 4 -- 6G¢ 11 G8-1Z-8 As1yep aesu 221D asddeal 000€80€T
(€00®D (Do) (s3T1UNn (wo/gM) (s/ 33) orduwes sWeu uoIjels (1 *1d uo
se @anje paep aoue) snoaue) jo uMoOys SUOT3BDO0T)
1/bu) -aadwag -ue3s) -onp -uejlsurt 23ed Jaqunu uoriels
ssau Hd -uoo ‘abaeyo
-paeH OT3ITO -std
-ads
[ueyl ssaT ‘> {27qe[TIeAR B3IRD OU ‘-—]

SWeaa3s poajoa[as A0J Ao93em JO sosA[eue [edTIWaYD--°G aIgqel

29



6°9 LE 0 0z1 S°6E 09°L 8L 28-01-9 suojsawtT  ZOOA6T-ATZ-SZT 6T
0T 69 €L 0T1Z 0°€T 0S°L 9€S S8-0T-L unTANTTY  TADD9T-HT1Z-SZT 8T
- - - - - - - 98-L -0T
P°T 8Z 0 9L S°8y 06°L L62Z S8-0T-L SITTOAY TdOOP T-A1Z-SZT LT
- - - - 0°6C 00°8 661 98-12-%
L6°0 8T 0 6% 0°8C 00°8 66T S8-0T-L SITTOAW TAAVTT-ATZ-SZT
€°C €z 0 L9 0°12 0tT°8 8T Z8-0€-9 S3ITOAW  1D0A0T-ATZ-SZT 9T
€°9 1414 8 ovT S*6T oL-L 43 S8-0T-L 93TTOAR  TED9S -AT1Z-SZT ST
p°8 8€ 6 0€T STz 08°L |14 Z8-8 -9 SUO3SaAUTT  TYOHSZ-H0Z-SZT j49
8°% 8¢ 0 0TT 0°SZ 08°L S82 28-6 -9 9ITOAW  TODAET-30Z-SZT €T
6°G 1€ 0 00T 0°0¥% 00°8 yze S8-02-8 duoj3sawtT  TOVE9 -d402-SCT 49
- - - - - - - S8-02-8
1T (4 0 0ST 0°z¢ 08°L £5¢€ 18-€2-6 SuolsawrT  TAADE -H0Z-STT 11
L€ 44 0 oL 0°8€ 08°L Ly 98-T -L SITTOAY Tvdd#Z-36T-SZ1T 0T
S'9 0€ 0 00T 0°9¢€ 00°8 6G€ 18-€2-6 SuojlsaWTT  TVVAZ -d6T1-SCT
9T 16 09T 062 G*6T 08°L [AYA S8-6 —-L 3resed  TOEANZE-FIEC-STT 6
- - - - - - - 98-62-G
8T oL 01T 04¢ S°9T oL*L 829 G8-6 -L 3resed  1DA09Z-FE€Z-STT
0z Z6 4 0TE 0°€T 0€"L 9.8 98-22-§ unTAnTIY  T¥ady -3€Z-STT
ST 9L [43 0sZ 0°¢T 07 "L LyL 98-61-G Jrtesed 1990y -dEZ-STT
T 1L L9 0€Z S*81 0S°L 8SS 98-22-S SITTOAY  TED9LZ-AZZ-STI
ST 98 0zZ1 08¢ S8l 08°L 989 G8-6 -L Jresed  TOED61-dZZ-STT 8
- ot - - S°PT 0€°L T€9 98-02-G
9T <8 8L 08¢ 0°ST oL"L 9%9 S8-8 -L JTesed  TOVART-AZZ-STT L
6T 16 SL 01€ 0°%1 oLL QZL S8-8 -L 3resed 100Dt -HZZ-STT
6T 0TT 0ST 0GE 0°91 09°L 088 28-0€-9 Jreseg  1d998Z-AT1Z-STT 9
£°6 9g 8% 08T 0°LT 0S°L 697 98-2¢-G 3resed  TA¥A9Z-A1Z-STT S
9T (47 19 oLT S°LT 06°L €EY Z8-0€-9 Jresed  TaQdd6 -dT1Z-STT
61 4] 89 01z S LT 08°L 655 98-61-G jrtesed  TAQvAs -ATZ-STT
1 LL o011 0s2Z S°LT oL*L 16S S8-0T-L jresed  TWVHOZ-H0Z-ST1T 14
19 08T 0Ty 00L S°v1 oL*L 0L0°'C G8-0T-L 3resed  T9D0ZC-30Z-STT
8¢ 8% 0 082 0°%1 oL°L LL8 98-0€-G 3resed  €09d0T-30Z-STT
¥°S 143 6 0TT 0°6¢ 09°L 53743 18-€£2-6 93TTOAWY  1addsE-d6T-STT
6°€ 144 0 9L 0°2¢ 00°8 9z 18-€2-6 SITTOAW  TAADEE-A6T-STT
14 00T 0€C 0S¢ 0°9T 09°L 808 98-9 -9 jresed  ZDOA0Z-FEZ-SOT €
6T L6 01T 0ze S 6T 09°L 608 98-T2-S jresed  TOAAIE-IZZ-SOT
82 8G 0 092 0°€T 09°L 066 98-6T-G Jresed  19009Z-d2Z-S0T 4
€T 19 95 0TZ S°LT ov°L 8€S 98-€£2-5 Jteseg  TODOSE-ATZ-SO0T T
(Bn se (e) se (¢00eD (e0Ded (O o) (s3tUn (uo/St) S1dues I93Tnbe (% *1d) (g *b13)
1/ Bur) 1/Bur) se /0u) se aan3e paep 2ouel jJo aolep uoT3ed0T Jacumu
psaTOS paaTos P13 303 r1/6ur) -aad -ue3s) -onp a3eq butads *J39d
-STp -STp 4 33euoq Ssau -uRy, ud =uoo a0 TTaM
‘unts ‘untoTR) —Iedouocu —paey oTJTO
—aubep ‘gsau -adg
-paey

[ueus sS3T /> falqelTese e3ep ou ‘— (PT3TF 2303 ‘PTF 303

sbutads pue STToM Pa3da[as WOIJ I93eMm JO SasA[eue adoOjoST S[0e3S pue [eoTwdyd—-°9 31del

30



ST 0°9 0ET 0 0sT Py G* 9T It 78-0T1-9
123 q°8 0%t 0 0LT 9'y Le 81 (44 S8-0T-L
- - - - - - - - - 98-L -0T
€T 0°¢ 0zt 0 0GT 1T T ob Lz S8-0T-L
- S°T 6L 0 96 - -= - -— 98-1¢~-G
9°9 ST 6L (¢] - 9°L T 147 61 G8-01-L
9 "1 L 0 88 €°G G* (14 V'8 78-0€-9
€T 1°9 0T 0 09T £°g q* 9T [ G8-01-L
T S°E 0zt 0 opT 9°z A PT 0T 78-8 -9
a8 8°¢ 0zt 0 06T $°9 9° 61 €T 78-6 -9
97 Lz 0FT 0 0LT 0°6 T 1€ %4 G8-02-8
- - - - - - - - - G<8-02-8
9T 0°S 091 0 002 S*9 q* 91 21 18-€2-6
€T 0°¢ 96 0 0zt €L 6" [A3 LT 98-1 -L
6 £°¢ 0LT 0 (12 ¢4 (4 T 8¢ €€ 18-€2-6
23 0y 0€T 0 091 S°g 1A 1T LT G8-6 -L
- -= - - - - - - - 98-6Z-5
6¢ 28 0¥t 0 0LT T°s L LT 124 G8-6 -L
SS 0¢ 0T¢ 0 08¢ 0°6 4 0¢ 9 98-72-5
LS 9T (1}44 0 09¢ 0°8 4 €€ 6S 98-6T1-G
9t S°6 09T 0 06T '8 9° 9T |14 98-¢Z-S
99 8°v 0971 0 06T L°L 9° A (44 G8-6 -L
- 8T 06T 0 0€e - - - - 98-0Z-S
Sh 9°L 002 0 ove Z°L S°* €T 6T S8-8 -L
89 6°8 (1134 0 082 S*L 8° 81 1€ G8-8 -L
98 0T 002 (¢] 0s2 b8 8° LT 33 78-0¢-9
9Z 0°8 0€T 0 091 T°9 S* ST ST 98-~22-G
9t 8°C 01T 0 ovT (4 4 9° LT LT 78-0€-9
8G 13 4 0%T 0 0LT Z°9 8" ¥4 9z 98-6T1-G
19 1°s 0%T 0 09T [A] q* T 9T G8-0T-L
(0334 1T 062 - 0sg 1T 4 0¢ ovT S8-0T-L
€L ZT 0TE 0 08¢ 9°% 4 9€ PL 98-0¢-§
[44 8°F 86 0 0zt 6°6 6" 8Z TZ 18-€Z-6
(A 9'T Z8 0 00T S8 8° Lz <1 18-£Z-6
bL 09 0zT 0 0sT 0°6 9° €T jer4 98-9 -9
SL 0T 1)%4 0 0s2 8°L L 91 8z 98-T1Z-S
€6 T 0Le 0 0Lz 8°8 € Ly 0Tt 98-6T1-9
)74 1T 0ST 0 08T 8°9 9°'0 LT 14 98-£Z-§
("0s se (‘00 se ( *ooed (‘o0 ( “oon (¥ se or3ex wnTpPOS (en se s1dues
1/6u) 1/6buw) se 1/6u) se r/bu) se 1/6u) 1/bw) uoty juadasg 1/6uw) Jo
paATos paATOs pTa13 PTs13 113 paatos ~daos paaTOs a3eq
-s1pP -S1p T°303 Te303 12303 -SIp -pe -s1p
‘33e3INs /3PIXOTP ‘RaTurt ‘33eU0Q ‘33eUOq ‘umts umtpos ‘umtpos
uoqae) -1y -ae) -aed1q ~sej30d

pPaNUTIUC)--shbuTads pue ST{oM Po3OS]oS WOAJ Io3eM JO SosA[eUue adoj0ST 91de3s pue [eoTWwdyd--°9 3Tgel

31



8" LT~ €ET- 90° (44 01" > 0LT 61 € €79 Z8-0T-9

LT1- 0€T- - T0°> 0s°2C 00€ €C [ LS S8-0T-L
- - - - - - - - - 98-L -0T
81~ 8el- 920° [ ot ope 08 8° 8°aq S8-0T-L
LTLT- £eT- - - - - - - - 98-12-G
- - €0° 10° (YA 08T 69 L Z°8 G8-0T-L
¢oLT- 8zT- 4% y0°* (372 09T 65 A S°8 78-0€-9
poLI- €eT- - 10°> 6€° )44 69 € 1T 98-0T-L
ST LT~ TET- 920° 20° vz 0LT 0z A Q'L 78-8 -9
S°LT- ZET- 4% y0* e 0ze ¥9 € 8°6 78-6 -9
9°LT- cel- - 10°> oT" > 06T 6T 8° 1°9 S8-02-8
8°LT- GET- -— - - - - - - 98-0C-8
- - €0° 10° 11 0T1¢C 8T G* Z°S 18-€C-6
€91~ yeT- - 10° [ 08T %Y L L8 98-T1 -L
- - €0° 10° [ 0ce 1 6° ¥ 18-€2-6
€°9T- qTI- 90° 20° 09°¥% 00y 18/ z° 0ct G8-6 -L
S 9T- 9TT- - - -= - - - - 98-6C-5
- - 4% $0° 0e"¢e 0LE 144 z* 88 G8-6 -L
L°9T- 8¢T1- - (0 0°ST 0TS 8 [ 143 98-2¢-S
G°9T- 8C1- - 60° 0Z°9 (0] %7 144 [ (44 98-6T~S
L°9T- LTT- - L0° 00°¢ 0s€ 89 € 8y 98-2C-%
L°9T~ 6C1- pe” iT° 0z°¢ \[474 6% [ L8 G8-6 -L
- - - - - - - - - 98-0¢-5
S 9T- 6C1- 60° €0° 00°¢ 06€ 1914 [ 6S G8-8 -L
- - 920° 20° 0z°¢ 0S¥ 414 z° 9% S8-8 =L
S° 9T~ 9T~ A% y0° oT"¥ [0)49 V4 [ 01T 78-0€-9
LT- 0€T- - y0° 0e°¢ 062 6% (A 6% 98-7C-S
- - 4% y0° 0L°T 0LZ w (A 134 78-0€-9
ToLT- 1€T- - 10° 06°1 (0)743 1914 [ (4] 98-6T1-G
TLT- 9CT- £€0° 10° 0C°1T 09¢ (4 C° 929 G8-0T-L
- - - T0°> oT°¥ 00€‘T 194 [ 062 G8-0T-L
L°9T- 8C1- - €0° 0Z°S 00S Ly q° o€ 98-0£-S
- - €0° T0° 0T°1 0S¢ oL 9° 8¢ 18-€2-6
- - €0° 10° 69° 002 99 1A 24 18-€7-6
29T~ LZ1- - €0° 06°¢ (0154 [4] [ 1L 98-9 -9
8°91~ 8¢T- - €0° 06°C 08s¥y Va4 4 L8 98-12-G
S*9T- 8¢T- - 920° 00°0T 0€s 144 A (4] 98-6T-S
6°9T- 9CT- - €0°0 06°T 0ce 8% €°0 9y 98-€C-5
(TTwzsd) (TTwzad) ("od (g se (N se (1/6w) (%018 (4 se (1D s® o1dues
or3ea or3el se r/6w) 1/6) 1/buw) paaTos se /bur) 1/bur) jo
adojost adojost 12303 12303 paaTos -STp 1/bur) paaTos paAToS a3eq

-oTge3s -9Tqeas ‘snaoyd ‘snaoyd -sTp fs3usn paatos -sT1pP -sTp

0 /0 o H/H, -soud -soyd EON+Z0N -3T3ISUCO -s1p ‘op11 ‘opT1

‘ush Jo uns BOITIS -onTd o)

~Oa3IN ‘sp110S

penut3uc)--sbutads pue ST[oM pe3osTes WolaJ Jojem JO sosATeue adojosT STde3S pue [edTWSyD—-°9 oTdel

32



[ 0°% 0 ST 0°S 06°S 144 G8-2¢-8 - S1adac -d¢g-sstl
Zl 9¢ 0 0T S*L 09°L 6LC G8-2¢Z-8 - STODOZ -d€Z-SP1 €€
G9° 0°€ 0 0T 0°9 ob°9 47 S8-1Z-8
- - - - 0°S 0gL ob 78-62-9 - ST08ayZ-36T-Sy1T 49
€T L €€ (V34 0°9T ov°L bes 98-0€-S - STO088 -3£Z-SET 1€
[ ¥9 € 0TC S*0T 00°L 128 S8-0T-L UNIANTTIY  Zvadee-3¢e-Sel
- - - - 0°TT oz L LZ9 98-0Z-G
IT QL 139 0€eC S°T1T 0z°L Lzs S8-0T-L untanTly  TO4ae -3Zz-SteT 0t
8°L 95 [44 0LT 0°¢T ob°L ey G8-6 -L 93TT0A  Tavds -3zz-SeTl
[49 19 0 002 0°LT 09°L €05 G8-6 -L jTesed  7oade¢ -3zg-Stel 62
LL v L obl 0°%C 00°8 Sog€ G8-v -6 SuojlsaWTT  TAvVd8 -3FTZ-SET 8¢
bl (017 0T 0€T 0°vC - 0Lz 28-LC-b suojsauwWTy  TOEADS -dTZ-SET
(A4 QT 0 18 0°8 00°L 902 G8-12-8
- - -= - S*L 08°9 - Z8-8 -9 - STVOa8 -30Z-S€T Lz
Lz 14 0 L 0°0T 0v°L bot G8-0Z-8 - STOMTE-apZ-52CT
L9 43 1€ 01T G 9T 00°L €0€ 98-6Z-S 3Tesed  TADDST-IEZ-STT 9C
1 0zl (1144 06¢ 0°%T 0z°L €L8 98-1Z-9 JTesed  1DDA9 -dE€Z-SCT
9°L S 9T 0LT S*9T1 0z°L LGP 98-62-S JTesed  TAOWZE-IZT-SCT
T ¥8 61 092 0°¢1 0T°L 0%9 98-72-S SITTOAY  TWWW0E-3ZZ-SZT
8°8 (4] 19 OLT 0°8T 0s°L 6ed G8-6 -L jTesed  T10D09Z-dZZ-SCT 14
6T 0€T 09T oob S°TT oz°L 6L6 98-6C-G unTANTTY  TQ4dsT-dzz-SZ1l
L6 09 0s 06T 0°8T ob°L 68% G8-6 -L Jresed  TVYO9T-dZZ-SC1
1T Z9 0€ 002 0°LT 0g"L LY 98-2Z-S JrTesed  102AET-3FZZ-SCI
0T ZL T8 0ze 0°8T 0S°L S99 G8-6 -L Iresed  TAQVL -32Z-SZ1 74
€7 62 0 Z8 0°ze 06°L LbE G8-0C-8 aTesed  Tdgd9 -d7Z-SCT x4
Tt 79 SS 0Tz 0702 09°L 2149 G8-8 -L JTesed  T0DDE -dZZ-SC1 (44
6°C 8¢ 0 8 0°zZ 06°L 66T G8-0T-L 9ITTOAYY  TdD08Z-ATZ-STT
0L LE T 0zT S°€T 09°8 192 Z8-0T-9 SuojsautT  TOOALZ-3TZ-SCT e
£°C €€ 4 Z6 0°sZ oL°L 96¢ G8-0T-L SITTOAN  TODDSZ-ATZ-SZT 0z
(b se (eD se (f002D (to0ed (20) (s3Tun (u>/ 1) o1dues 193Tnbe (p°1d) (¢ *b13)
r1/6ur) r1/6ur) se 1/bu) se 2an3e paep aoue] Jo aoley uoT3eo0] Jaqumu
paATOS poATOS PIJ 303 1/bur) -a1ad -ue3s) -onp o3eq butads * 399
-STp -S1p ‘33eU0q ssau —ueyg, gd -uod a0 TTaM
‘umts ‘umtoTR) -Ie0Ucu -paey o130
—aubey ‘ssau -ads
-paey

penutjuc)~-sbutads pue STI9M pPI3OTasS

wo1J I93eM JO sasATeue adojosT 9Tde3lS pue [eOTWdYD~-"9 dIgel

33



89 9¢ 38 0 8T 9° € 8¢ 6°C G8-2Z-8
1°C 7L 0PI 0 08T 8° T S S°g G8-72-8
9°¢ €T 9T 0 0z 6°C 1A 1€ 6°C G8-12-8
- L1 LT 0 114 - - - - 78-62-9
9z ST 002 0 (1144 L€ 9° 91 TC 98-0€-9
6T 184 01z 0 092 0T 8° 0z 9C <8-0T-L
- 8T 0sT 0 08T - - - - 98-02-9
|24 [44 08T 0 0ze 6°¢C L* LT (44 G8-0T-L
6T T 06T 0 06T L*9 9° 8T 8T G8-6 -L
0¢ A 092 0 (1289 9 9° LT 0¢ G8-6 —-L
8T S'C 0€T 0 09T 6°¢€ S* 9T 43 S8-v -6
ST - - - - 8°¢ [ 0t Z°L 78-LT-¥
8T (43 19 0 GL Z°8 T 9¢ 9T G8-12-8
- LT 4] 0 99 - - - - 28-8 -9
L'z 8°g 9L 0 z6 [ [A 6 9°¢ $8-0Z-8
1T 9T 18 0 66 LT [N LT IT 98-62-S
oy 12 0LT 0 01T Ly b 0T 6T 98-12-G
0z 8T 0ST 0 08T 0°9 9° 8T LT 98-62-9
o€ 8¢ (024 0 00¢ 9°9 9° 13 (44 98-72-S
91 0°L 0TtT 0 ovT 6°G 9° 9T 91 S8-6 -L
95 62 (124 0 062 6°9 9° [43 9z 98-62-5
Te IT ovt 0 0LT q'9 9° LT 8T G8-6 -L
6T PT OLT 0 08T 13 4 1A €T PT 98-¢Z-S
Lz 0T 0LT 0 002 0¥ L 8T [ X4 G8-6 -L
ST (A ovT 0 09T 2°6 4 9% LE $8-02-8
€ z°L 0ST 0 08T 9 9° LT 0z G8-8 -L
8 0°¢ €8 0 00T ' b 91 6°L G8-0T-L
St q°* 0zt [ 0€T 9°¢ 1A ST 6°6 Z8-81-9
[ St 06 0 0TT "L L0 €T PT G8-01-L
("0s se (?00 se (*ooeD (o0 (*oom (A se or3ex umipos (en se S1dures
1/ Bur) 1/6u) se r1/bu) se r/bu) se r/but) 1/ but) uotl Juadvadg r1/but) jo
paaTos paatos pToT13 pP1213 PIST3 paaTos -dzos paATOS 93eq
-STp -sTp Te303 Te303 Te303 -SsTp -pe -STp
‘o3e3Ing /3pTX0TP ‘A3TuTl ‘a3euoq ‘ajeuoq ‘unTs unTpog ‘untpos
uogae) -3V -1e) -1e01g -sejo0d

panutjuoD--sbutads pue STToM Pa3D9T9S wWOaJ J93eM JO S9sATeur 2dOj0ST STCQRIS pue TeOTWBYD--°9 3Tge],

34



6°9T- f4AC 8T 90° 1T 184 ST T ST 98-7Z-8
¥ 91~ €¢I~ €0° 10° 65° 09T 1T A 8°¢C G8-27-8
- - 60° €0° %° 69 Sh 1> S°'1 G8-TZ-8
LT- 9Z1- - - - - - - - 78-62-9
9°91- vZT- - z0° 07T 0zZg 13 z° 9¢ 98-0€-G
- - -- 10°> a8 0ge 8¢ 13 62 S8-01-L
- - - - - -- - - - 98-0Z-6
£°91- 9Z1- 4% ¥0°* 09°% 01E 0€ T 1} S8-0T1-L
- - 60° €0° 0Z°1 062 9g € 8C G8-6 -L
9°9T- 9Z1- 90° z0° (33 0LE Ly € 44 S8-6 -L
8 LT~ €eT- - T0°> ST 06T 9T A 8°8 S8-v -6
- - - 10°> 0T"> 0LT 9T €° €°9 Z8-Le-v
— - 90° z0° 9 0LT S z° €T S8-12-8
L°9T- €TI- -= - - -- - - - Z8-8 -9
LT- €CT- 90° z20° €L° €6 1T > 8" 1 S8-02-8
8°9T- 9Z1- - T0° 18° 081 LE z° 124 98-62-G
2°91- €C1- - 60° 01°9 06¥ LE T° ovT 98-1¢-§
6°9T- (YA - ¥0° 0Z°'1 08¢ 1] €° Lz 98-62-G
9T- €CT- - L0* 0Z°S 0LE LE z° 6C 98-22-G
L°9T~ 8ZT- 60° €0° 0Z°1 0LZ 0s € Ly G8-6 -L
91— 74 - v0°* 08°S 0TS 8¢ z° 96 98-62-G
LT- 0€T- 90° 20° 09°1 00€ 15 €° 18 98-6 =L
9°91- TA - LO°® 0e°" 1 062 (34 z° 137 98-22-G
L°9T- 62T~ 90° 20° 0Lz 0ze 8 P 184 S8-6 -L
ANA S TetT- - T0°> ¥9° 092 69 €T LT S$8-0Z-8
L°9T- 8Z1- 60° €0° 012 0ze 6% b 0S G8-8 -L
- - €0° T0° €T 091 2] z° €L S8-0T-L
9°LT- et~ 90°0 z0° 0tT*> 0LT 91 [ Gg°9 Z8-0T-9
PoLT- €eT- - 10°0> 96°0 0Tz TL ¥ 0 <1 S8-0T-L
(TTued) (TTUxed) ("od (d se (N se (1/6w) (*ots (4 se (10 se a1dures
orjex or3ex se 1/6u) 1/6ur) 1/6u) paaTos se 1/6u) 1/6w) jo
adojost adojost 12303 10303 paAToS -STP 1/6u) paAaTos panToS o3eq
-91qeas -a1qe3s ‘snaoyd ‘snaoyd -STIp ‘g3uan paatos -sIp -STp
04 /0 a HAL, -s0ygq -soud FON+ “ON —3T3SU0O -S1p ‘opTa ‘o9pTa
‘usb JO uns ‘ROTTIS -ontd -OTW
-OI3IN spT10S

pPONUTUOD~-sbuTIds pue ST[oM Pa3daTas WOl 193eMm JO sosATeue 2dojoST 91Qe3S pue [edTuWBYD--*9 ITdeL

35



Another exception is in the limestone aquifer near Dry Creek
and the rhyolite aquifer northwest of Churchill Knolls,
where sodium bicarbonate type water is evident. However,
these samples are from wells that produce thermal water.

The chemical character of water from sampled springs
issuing from the Rock Creek Hills west of the Oakley Fan is
a sodium bicarbonate type; water from springs issuing from
the Albion Mountain Range east of the Oakley Fan is a
calcium bicarbonate type.

The cation and anion balance of water in the basalt,
rhyolite, and limestone aquifers is shown on a trilinear
plot on plate 4. The composition of the water is expressed
as a percentage of the total milliequivalents per liter of
the ions shown. The grouping of selected water samples from
the various aquifers shows the chemical similarities of the
water within each system.

Distribution and Concentrations
of Selected Chemical Constituents

Several chemical constituents were useful in determin-
ing the areal extent of different aquifers and evaluating
the effect of faults on ground-water movement in the Oakley
Fan area. Generally, silica concentrations less than 25
mg/L indicate a limestone aquifer, 40-60 mg/L, a basalt
agquifer, and greater than 60 mg/L, a rhyolite aquifer.
Chloride concentrations less than 20 mg/L are indicative of
a limestone or rhyolite aguifer, and chloride concentrations
greater than 40 mg/L are indicative of a basalt aquifer.
Silica and chloride concentrations from selected wells are
shown on plate 3.

The areal extent of the limestone aquifer near Artesian
City is defined on the basis of silica concentrations
generally less than 25 mg/L and chloride concentrations
generally less than 20 mg/L. Concentrations of silica and
chloride greater than 25 and 20 mg/L are in water from wells
open to the rhyolite and/or perched-water aquifers. Separa-
tion of the rhyolite and limestone aquifers by the Foothills
Road fault is substantiated by the contrasting silica
concentrations. The only exceptions are wells 12S-21E-
19DCC2 and 27BCCl northeast of the fault. These wells
produce thermal water from limestone.

Separation of the rhyolite and basalt aquifers by the

Churchill Knolls fault and the influence of the fault on the
direction of ground-water movement may be inferred from the
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concentrations of silica and chloride shown on plate 3.
Northeast of the fault in the basalt aquifer, silica concen-
trations are generally less than 60 mg/L and chloride
concentrations are generally greater than 40 mg/L. South-
west of the fault in the rhyolite aquifer, silica concen-
trations are generally greater than 60 mg/L and chloride
concentrations are generally less than 20 mg/L. South of
the Churchill Knolls fault, mixing of downward percolating
water from the perched zones north of Oakley also is indi-
cated by the lower silica and higher chloride concentrations
in the rhyolite aquifer. Near the mapped northern extent of
the fault (pl. 3), movement of ground water across the fault
also is indicated by decreasing silica concentrations and
increasing chloride concentrations.

Stable Isotopes

The stable isotopes D (deuterium), or 2H (hydrogen-2),
and ®*0 (oxygen-18) can provide valuable information about
the source, relative age, and environment of ground water.
Basically, the D and ® O composition of water decreases with
decreasing temperature at the time of condensation (precipi-
tation). Thus, isotopic compositions of water samples from
different sources can be compared, and inferences can be
drawn as to climatic conditions at the time of precipitation
(Young, 1985).

Stable isotope concentrations are expressed in delta

units (§) and are reggrted in parts per thousand, commonly
abbreviated permil ( /oo0). These units are defined as:

[R sample - R standard] x 1,000

R standard

where
R sample = ratio of isotopic concentrations (¥ 0/¥ 0O

or D/H) for the sample, and

ratio of isotopic concentrations for the
standard, which is referred to as SMOW
(Standard Mean Ocean Water).

R standard

A worldwide study of freshwater samples showed that
isotopic compositions of cold meteoric water were related
by the equation §D = 8§'%0 + 10 (Craig, 1963). This straight
line commonly is referred to as the meteoric water 1line
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(fig. 5); the slope and intercept of the line may vary
regionally. Values for water affected by extensive nonequi-
librium evaporation, as in inland basins, lie off the
meteoric line. However, at ordinary air temperatures,
evaporated surface water is connected approximately to the
original precipitation composition of §80p and sDo by a
line having the equation 8D = 5 (5180 - 50,) + Do (Ellis and
Mahon, 1977, p. 75).

Water samples from 41 wells and 6 springs were col-
lected for isotope analyses from various points in the
ground-water flow systems, including the suspected recharge
areas. The isotopic compositions are given in table 6;
locations of the sampling sites are shown on plate 4 and D
values are shown on plate 3. Comparison of isotopic compo-
sitions in selected water samples from different aquifers is
shown in figure 5.

All the samples cluster near the meteoric line and
differ only in their position up- or downslope. The more
depleted the sample in 180 and D, the farther downslope the
plot (to the left in fig. 5). Samples from wells completed
in the basalt aquifers, perched-water zones, and springs in
the surrounding mountains cluster near the meteoric line and
upslope to the right). Samples from wells completed in the
rhyolite and limestone aquifers cluster near the meteoric
line and downslope. The only exceptions are samples 10, 16,
and 18. Sample 10 is thermal water from a well near Dry
Creek (pl. 3) and plots in the cluster to the right in
figure 5. The upslope plot of this sample is not understood
at this time. Sample 16 plots between the two sample
clusters. Although this well is completed in rhyolite, it
is downgradient (pl. 3) from the perched-water zone near Big
Cottonwood Creek and could indicate mixed water. Sample 18
is from a well completed in the perched-water zone near Big
Cottonwood Creek (pl. 3) and also plots between the two
previously mentioned clusters.

The significant depletion of 8D values relative to 350
values for water from the rhyolite and limestone aquifers
compared with values of samples from cold springs in the
surrounding mountains, along with the higher water tempera-
tures, indicates that the samples from rhyolite and lime-
stone aquifers represent water with longer circulation
times. For a more complete discussion of circulation times
of thermal water in Idaho, refer to reports by Young and
Lewis (1982) and Young (1985).

The comparability of the isotopic compositions of water
samples is shown on plate 3. In most cases, values of 3D
are correlative to indicated ground-water flowpaths, as
shown by the potentiometric-surface contours.
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MATHEMATICAL MODEL

Assumptions and Limitations

Simulation of a ground-water flow system is subject to
limitations inherent in the technique used. A mathematical
model is essentially a set of equations that describe an
idealized system having properties similar to a real ground-
water system. If the model adequately describes a real
ground-water system, then the response of the model to
imposed stresses, such as ground-water pumping, will approxi-
mate the response of the real system if it were to undergo
the same stresses. The degree to which a model can accur-
ately simulate a real system is limited by characteristics
of both the model and the system being simulated and by
availability of reliable data used in the model.

The simplifying assumptions and generalizations that
are incorporated into a model affect the output. The model
cannot represent the real system exactly. The more complex
the real system is, the more simplification that must be
made in the model and the less accurate the model represen-
tation. If the real system is complex, the model can be
used to make only general statements about the response of
the real system to imposed stresses.

Information on aquifer characteristics and hydraulic
heads often is unavailable, especially for undeveloped
areas, and must be estimated on the basis of what few
data are available. Errors in these estimates may signifi-
cantly affect model results. For some data, the range of
possible values is small but, for others, the range may be
within several orders of magnitude. The model is more
sensitive to the variation of some data than others; there-
fore, a sensitivity analysis is performed to test the
response of the model to a range of values.

Nearly identical water-level configurations with numer-
ous different combinations of parameters are possible.
Therefore, computed solutions are not unique and a match
between observed and modeled conditions does not guarantee
that the model parameters and the real system parameters are
identical. However, if the parameters used are generally
compatible with known information, errors caused by non-
uniqueness can be minimized.

Model Description

The flow of ground water in a porous medium in three
dimensions may be expressed as a mathematical equation.
This equation may be solved for the head in the aquifer at
any particular time. Because solution of the equation is
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complex, a computer program is used to solve a finite-
difference approximation of the equation. The computer
program used in this study was written by McDonald and
Harbaugh (1984).

For the finite-difference method of solution, the
aquifer system is divided into layers. Each layer is
divided into three-dimensional cells, and values of hy-
draulic head, transmissivity, and storage capacity are
assigned to the center of each cell.

Oakley Fan ground-water system was modeled using the
finite-difference method of solution and divided into two
layers of cells, each with 65 rows and 80 columns. The area
of the top face of each cell is 160 acres. For simplifi-
cation of data input and calibration, cells were grouped
into zones with similar aquifer properties.

Figure 6 is a conceptualization of the ground-water
system in the Oakley Fan area. The northern edge of the
system was extended about 15 mi north of the Snake River
to include areas of probable subsurface inflow and outflow.

Layer 1 represents the "shallow" ground-water system
where recharge and ground-water pumping are most active.
Water is present under both confined and unconfined
conditions; in both instances, head generally decreases with
depth because of recharge from irrigation. The shallow
aquifer system gains water from or loses water to the Snake
River, depending on where the river intersects the water
table.

Layer 2 represents the "deep" ground-water system where
water is generally under confined conditions. Leakage from
layer 1 and subsurface inflow recharge the deep system.
Subsurface inflow moves southwestward from the Snake River
Plain and from the surrounding mountains. Ground water is
discharged by pumping and as subsurface outflow to the ‘Snake
River Plain.

The upward movement of thermal water was not considered
in the model. Although the quantity of thermal water
entering the deep system is unknown, it is probably small
compared to other sources of inflow.

The limestone unit at the western boundary of the study
area was not included in the model. Known areal extent of
this unit is small and its effects on the rest of the system
would be negligible. More information about recharge
distribution along the western boundary of the limestone
unit is neeed for accurate modeling.
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Model Boundary Conditions

The finite-difference approximation, together with
specification of flow and head conditions at the boundaries
of an aquifer system, initial head conditions, ground-water
recharge and discharge, and aquifer characteristics consti-
tute a mathematical model of ground-water flow.

The mathematical model requires that either the head or
the flux (volumetric flow rate per unit area) be specified
along a boundary (fig. 7). The head for a specified-head
boundary is not affected by changes in the ground-water
system, but the flux across the boundary may vary. The
flow across a specified-flux boundary is not affected by
changes in the ground-water system, but the head may
vary.

The area north of the Snake River was modeled as a
specified-head boundary. Heads assigned to this boundary
were estimated from water-level measurements. The area
south of the Snake River was modeled as a specified-flux
boundary. The source of the water is precipitation on the
surrounding mountains. Crosthwaite (1969, p. 23) estimated
that subsurface inflow from Rock Creek, Dry Creek, and
Goose Creek basins was 45,000 acre-ft/yr and, from Birch
Creek, 2,000 acre-ft/yr. The remaining subsurface inflow
was estimated and values were assigned to cells along the
boundary for both layers (fig. 7). The Snake River and
Murtaugh Lake were modeled as specified-head boundaries in
layer 1. Ground-water inflow and outflow to the river were
modeled as a function of head in the aquifer and river
stage.

Model Input and Calibration

Recharge values were assigned to each cell in layer 1.
Monthly recharge values were computed for the transient
simulation.

Ground water moving northward beneath the Snake River
discharges to the Snake River Plain north of the study area
and eventually crosses the specified-head boundary in the
northern part of the modeled area. Ground-water pumpage
was computed for each cell and was distributed proportion-
ally between the model layers on the basis of reported well
depth.
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Accurate specification of aquifer characteristics based
on measured or known values 1is generally not possible
because necessary data usually are not obtainable or are not
consistent with other model assumptions. The process of
determining values for aquifer characteristics is referred
to as model calibration. The model must be calibrated
before present or future ground-water conditions can be
simulated.

Calibration of the Oakley Fan ground-water model
involved input of aquifer characteristics until an accept-
able match was achieved between measured water levels and
water levels simulated by the model. Comparisons also were
made between simulated and measured stream discharge (gains
or losses), head gradient, known discharge areas, or any
relatively well-documented aspect of the ground-water
system. Aquifer characteristics were varied within reason-
able limits on the basis of known geologic and hydrologic
characteristics of the system.

Steady-State Simulation of Average
1979-84 Hydrologic Conditions

Steady-state simulation permits evaluation of several
important aspects of the Oakley Fan ground-water system:
(1) The values of the aquifer characteristics, (2) subsur-
face inflow and outflow, (3) ground-water discharge to the
Snake River, and (4) seepage from Murtaugh Lake.

The period 1979-84 was used for steady-state simulation
because data were the most complete and hydrologic condi-
tions were considered to approach steady state. Water
levels during this period fluctuate seasonally and from year
to year, with areas of both water-level rise and decline
(fig. 4). However, the change in volume of ground water in
storage because of these fluctuations is small. The study
area south of the Snake River consists of about 217,000
acres., Most water-level changes are in the confined
system; aquifer tests indicate the storage coefficient is
about 0.001. Because the average water-level change is
about 3 ft/yr (excluding the limestone unit), the change in
storage is only about 650 acre-ft/yr, or about 0.2 percent
of the total recharge; therefore, change in storage was
ignored during steady-state calibration.

For steady-state simulation, the head at each cell must
be assigned an initial value. The choice of values affects
the time required for computing the steady-state solution
but not the final head values. However, the initial condi-
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tions must approximate a valid solution so the computer
algorithm will work properly and the solution time will be
reasonable. Initial conditions for steady-state simulation
were approximated from March 1984 water levels,.

Figures 8 and 9 show contours of the simulated steady-
state potentiometric surface for layers 1 and 2. Values of
horizontal and vertical hydraulic conductivity were adjusted
during calibration until the mean absolute difference
between historical (pre-1984) and simulated water levels was
minimized. Simulated heads were interpolated at the loca-
tions of historical heads. During calibration, recharge and
boundary conditions also were adjusted when satisfactory
results could not be achieved by adjusting aquifer charac-
teristics alone within limits based on the types of aquifer
material.

Figure 10 shows simulated hydraulic conductivity
values for layer 1. The values range from 4 to 55 ft/d
for alluvium and from 17 to about 4,200 ft/d for basalt.

Figure 11 shows simulated transmissivity values for
layer 2. The values range from about 1,700 to about
3,110,000 ft 2/d for basalt and from about 2,590 to 8,390
ft 2/d for rhyolite.

Leakage between layers 1 and 2 is limited by thick
layers of fine-grained sediments. These sediments are
thickest near Burley, where they were deposited to depths
of about 200 ft in a large lake that formed behind lava
flows across the Snake River, Sediment accumulations are
thinnest between Churchill Knolls and the Snake River.
Simulated vertical hydraulic conductivity between layers 1
and 2 ranges from 0.4 to 30 ft/d for alluvium and from 28 to
56 ft/d for basalt (fig. 12).

Ground water 1is discharged to wells, to the Snake
River, and as underflow northward beneath the Snake River.
The river 1is a partially penetrating stream; that is, the
stream intersects only part of the saturated =zone. Thus,
water can move through the aquifer beneath the river without
discharging into the stream. The stage of the Snake River
is above the water table from near Burley downstream to
near Murtaugh, where the river enters a deep basalt canyon
that intersects the water table.

Steady-state simulation indicates that the Snake River
gains water above Burley and below Murtaugh and loses water
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between Murtaugh and Burley (fig. 8). Simulated losses
from Murtaugh Lake are about 72 ft 3/s, based on a seepage
coefficient of 0.045 ft/d (Burrell, 1987, p. 50). Seepage
rates from Murtaugh Lake are sensitive to aquifer transmis-
sivity values assigned to the area surrounding the lake.
Higher values increase the modeled seepage rate, whereas
lower values decrease the rate. Hydraulic conductivity and
seepage from the lake also were sensitive to the changing
water levels near the lake.

Figure 13 illustrates the relation between March 1984
water levels and simulated heads. The mean absolute differ-
ence between historical and simulated heads for all cells
was 20 ft in layer 1 and 13 ft in layer 2. Based on this
difference, the model seems to be well calibrated and
adequately simulates the real system for most applications.

Steady-State Simulation of 1910 Hydrologic Conditions

Initial conditions for transient simulation of water
levels for the period 1910-79 were estimated using a steady-
state simulation of hydrologic conditions preceding 1910.
Prior to 1910, natural hydrologic conditions were unaffected
by man's activities. Recharge from surface-water and ground-
water irrigation prior to 1910 was negligible. Therefore, it
was assumed that hydrologic conditions at the start of 1910
could be reasonably approximated by a steady-state simulation
of preirrigation water levels. Model input for the simula-
tion of preirrigation conditions was the same as for the
steady-state simulation of 1979-84 average conditions except
that recharge from surface-water irrigation and ground-water
pumpage were removed. Contours of the simulated 1910 poten-
tiometric surface for layer 1 are shown in figure 14. Water-
level data for 1910 were not available. Therefore, it was
not possible to compare simulated water levels with measured
water levels. However, the simulated water levels are
consistent with known hydrologic conditions. Simulated water
levels were not above land surface and ground-water discharge
to rivers was within reasonable limits, as indicated by
historical records of streamflow.

Transient Simulation of 1910-84 Hydrologic Conditions

Because data on recharge and water levels are lacking
for the period 1910 to about 1972, it is difficult to check
the accuracy of the simulation for that period. However,
the simulation provides a view of the past which can at
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least be checked for its consistency with known general
hydrologic conditions. Simulation provides an additional
check on the degree to which the model can duplicate changes
in the system during the period 1910-79.

Information on construction dates from drillers' logs
and previous reports indicates that pumping during the
period 1910-45 was negligible. In 1910, surface-water
diversions began with the construction of Milner Dam and
Lake Walcott. Average number of acres irrigated and amount
of diversions remained about the same from 1919 to 1984;
therefore, recharge was assumed to be the same. Information
on pumping during the period 1945-79 is sparse but indicates
that pumping increased gradually from none in 1945 to
176,000 acre-ft, the 1979-84 average (table 3).

The period from 1910 to 1979 was simulated using
l0-year time periods. The period 1979-84 was simulated
using monthly time periods so that seasonal head changes
could be modeled.

During transient calibration, the specific yield of
layer 1 was assigned values from 0.01 to 0.07 (fig. 15).
These values are in the low range for specific yield
but are typical of clay, silt, limestone, and basalt
(Walton, 1984, p. 21). The storage coefficient for layer 2
(fig. 16) was assigned values from 0.001 to 0.006 (Walton,
1984, p. 22).

Figure 17 shows the simulated 1945 potentiometric
surface for layer 1. Figure 18 shows simulated rises in
water levels for layer 1 for the period 1910-45. During
this period, simulated water levels rose as much as 400 ft
in some areas. Data are inadequate for comparison of
historical and simulated water-level fluctuations for this
period; however, the large increases in water levels would
be expected as a result of the large amount of irrigation
water applied.

Figure 19 shows the simulated 1979 potentiometric
surface for layer 2. Figure 20 shows simulated declines
in water levels for layer 2 for the period 1945-79. Simu-
lated declines were as large as 140 ft near Murtaugh Lake
and 180 ft near Big Cottonwood Creek.

Changes in subsurface outflow resulting from ground-
water pumping were evaluated by using the model (fig. 9).
Ground-water pumping has captured only a part of the subsur-
face outflow. Beginning in 1945, before most pumping,
simulated net subsurface outflow was 451 ft3/s. Simulated
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net subsurface outflow for 1979 was 297 ft ¥s. The differ-
ence was due to the combination of reduced outflow in
some areas and increased inflow in others. Pumping also
induced an increase in inflow from the Snake River and
Murtaugh Lake from 1945 to 1979 (fig. 8). Losses from the
Snake River increased 7 ft 3/s; losses from Murtaugh Lake
increased 35 ft ¥s.

During the period 1945-79, simulated ground-water
pumpage was 3,000,000 acre-ft; simulated change in storage
for the same period was 250,000 acre-ft. The apparent
92_percent discrepancy is a result of diminished outflow and
increased inflow induced by lowered water levels in the
aquifers.

Water-level declines near Murtaugh Lake since 1945 were
as large as 240 ft, although most were less than 140 ft.
Declines were greatest south of Murtaugh Lake near Artesian
City. The 100-ft difference between historical and simu-
lated water levels may, in part, be due to an inferred
southeast-northwest fault along the foothills, which sep-
arates basalt aquifers to the north from rhyolite aquifers
to the south. Transmissivity and storage coefficients are
apparently much lower in the rhyolite than in the basalt.

Figure 21 compares historical and simulated water-level
changes for selected wells for the period 1979-84. Simu-
lated water levels in wells 4, 8, 9, 12, and 17 match
historical water levels closely. However, water levels in
wells 16 and 18 are 40 ft lower than historical water levels
and, in well 5, are 60 ft higher. Some of the differences
may represent localized water-level changes, rather than
average conditions.

Evaluation of Model Results

Although calculations performed by the model are
precise, accuracy of the results depends on the validity of
simplifying assumptions used in model formulation and the
accuracy of the authors' concept of the hydrologic system.
If the simplifying assumptions are valid and the hydrologic
system 1is accurately represented, the simulated response
will be a close approximation of the real system.

In the Oakley Fan area, rates of subsurface flow into
and out of the model are difficult to estimate. Assumptions
made for inflow and outflow introduce a large degree of
uncertainty into the model results. Boundary conditions and
transmissivity for areas bordering the Snake River Plain are
particularly critical for model accuracy. The magnitude of
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Figure 21.--Hydrographs comparing historical and simulated water-
level changes for selected wells, 1979-84--Continued.
(Locations of wells are shown in figures 8 and 9)
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Figure 21.--Hydrographs comparing historical and simulated
water-level changes for selected wells, 1979-84.
(Locations of wells are shown in figures 8 and 9)
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Figure 21.--Hydrographs comparing historical and simulated water-
level changes for selected wells, 1979-84--Continued.
(Locations of wells are shown in figures 8 and 9)
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inflow and outflow along these boundaries is large compared
to other recharge components, and small changes in head or
transmissivity can significantly change inflow or outflow
from the modeled area. Adjustments of other parameters
would be required to compensate for the change in flow.
Other reasonably close matches between historical and simu-
lated heads for steady-state conditions also may have been
obtained using other values for recharge and transmissivity.

In this study, the range of uncertainty of the final
steady-state solution was evaluated by multiplying transmis-
sivity values by a constant. The constant was selected so
that changes in parameters were large enough to demonstrate
a noticeable change in head, yet would allow the parameters
to maintain a reasonable physical value. When model values
were changed 20 percent, the agreement between historical
and simulated heads changed as indicated in figure 22,
The fit in both cases was not as close as in the assumed
best case. When the parameters were multiplied by 1.2, 27
percent of the observation points had an error greater than
20 ft, compared to 12 percent for the assumed best case.
When the parameters were multiplied by 0.80, 30 percent of
the observation points had an error greater than 20 ft.

Comparison of historical and simulated head values is
not the only available check on model accuracy. Simulated
inflow and outflow from rivers and lakes can be compared to
measured values.

The gain or loss to the Snake River is difficult
to measure accurately because of backwater effects of Milner
Dam, but measurements indicate that the net gain or loss in
this reach approximates simulated values shown in figure 8.

Diversion records show that 1979-84 diversions into
Murtaugh Lake averaged 1,174,000 acre-ft. Simulated losses
were about 52,000 acre-ft, or about 5 percent of average
annual diversions. 1In contrast, measured losses during 1984
and 1985 ranged from 21.4 to 49.4 ft 3%s, or about 15,400
to 35,700 acre-ft/yr.

The simulated seepage loss from Murtaugh Lake was
1.5 to 3 times greater than the 1979-84 average measured
values. One reason may be that the measured seepage values
are inaccurate, owing to variations in ground-water levels
on different dates. Another reason may be that the actual
seepage is only about 4 percent of the inflow and is 1less
than the expected range of error for discharge measurements,
and that during 1984-85 when seepage was measured, diver-
sions were about one-third of the 1979 diversions. Another
reason may be that ground-water 1levels used to check the
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steady-state simulation were measured during March when
water levels were at their highest during the year. More
seepage from the lake is required to maintain these higher
March water levels than if lower average water levels from
some other month were used during simulation. However, it
seems that even if lower water levels were used, simulated
seepage still would be higher than measured.

Given the assumptions and 1limitations stated in this
report, the model is a useful tool for evaluating aquifer
response to changes in hydrologic conditions. The model
incorporates a large body of knowledge about the Oakley Fan
area into an integrated package. Simulations done with
the model show that it approximately duplicates historical
conditions. The accuracy demonstrates that the model
probably can be used to evaluate future effects of changes
in the hydrologic system.

SUMMARY

Principal aquifers in the Oakley Fan area are lime-
stone, rhyolite, basalt, and alluvium. Ground water is
confined in the limestone and rhyolite aguifers, 1is uncon-
fined in the basalt aquifer, and is unconfined in perched
zones in the alluvium. The general direction of ground-
water movement is downgradient from areas of recharge to
areas of discharge, except where the Foothills Road and
Churchill Knolls faults impede movement. Water-level
fluctuations in aquifers in the Oakley Fan area respond to
seasonal and long-term effects. Seasonally, water levels
rise in response to the application of surface water for
irrigation and decline in response to ground-water pumping
for irrigation. Long-term fluctuations indicate an imbal-
ance between recharge and pumpage. Annual declines range
from about 3 ft in the basalt aquifer to about 5 ft in the
limestone and rhyolite aquifers. Most of the recharge to
aquifers is from infiltration of surface water, precipita-
tion on the surrounding mountains, infiltration of 1local
runoff, and upward movement of thermal water. Ground-water
pumpage for irrigation during the period 1979-84 ranged from
218,000 acre-ft in 1979 to 127,000 acre-ft in 1984.

Estimated mean annual runoff in seven streams ranged
from 520 acre-ft in Big Cedar Creek to 7,200 acre-ft in
Dry and Big Cottonwood Creeks. Highest mean monthly runoff
is in May.

Chemically, surface water is a calcium bicarbonate
type. Dissolved-solids concentrations ranged from 55 mg/L
in Willow Creek to 240 mg/L in Birch Creek. Ground water is
predominantly a calcium bicarbonate type with varying
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concentrations of dissolved solids. To aid in determining
the areal extent of each aquifer, concentrations of specific
constituents, particularly silica and chloride, and isotopic
compositions were compared.

A three-dimensional mathematical model of the Oakley
Fan area was developed. The study area was expanded north
of the Snake River so that subsurface inflow and outflow to
the Snake River Plain could be computed. Average annual
ground~-water recharge during 1979-84 was about 390,000
acre-ft. Most of the recharge is within the boundaries of
the Burley and Milner Low-Lift Irrigation Districts.

The aquifer system was simulated in three phases: (1)
Average 1979-84 hydrologic conditions, (2) 1910 hydrologic
conditions, and (3) 1910-84 hydrologic conditions.

Hydraulic conductivity and transmissivity were adjusted
during the steady-state and transient simulations. Hydraulic
conductivity in layer 1 ranged from 4 ft/d for cells repre-
senting alluvium to about 4,200 ft/d for cells representing
basalt. Vertical hydraulic conductivities between layers
ranged from 0.4 to 56 ft/d. Transmissivity values in layer 2
ranged from about 1,700 £t 2/d for cells representing alluvium
to about 3,110,000 ft 4 for cells representing basalt.

Model simulation indicates that the Snake River gains
about 41 ft ¥s above Burley and 127 ft ¥/s below Murtaugh
and loses 129 ft ¥s between Burley and Murtaugh. Simulated
seepade from Murtaugh Lake was estimated to be 72 ft ¥s.
Seepage from Murtaugh Lake 1is controlled by hydraulic
conductivity of the underlying material and ground-water
levels surrounding the lake.

The mean absolute difference between historical and
simulated heads was used to evaluate accuracy of the
steady-state simulation. The difference was 20 ft in layer
1 and 13 ft in layer 2.

Simulated water levels during the period 1910-45 rose
as much as 400 ft and, during the period 1945-79, declined
as much as 180 ft.

Model simulation indicated that, for the period
1945-79, subsurface outflow declined from 327,000 to 215,000
acre-ft/yr in response to ground-water pumping. Simulated
ground-water pumpage during the period 1945-79 was 3,000,000
acre-ft; simulated change in storage for the same period was
only 250,000 acre-ft. The apparent 92-percent discrepancy
is a result of diminished outflow and increased inflow
caused by higher hydraulic gradients induced by lowered
water levels in the aquifers.
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The specific yield assigned to layer 1 ranged from 0.01
for basalt to 0.07 for alluvium. The storage coefficient
assigned to layer 2 ranged from 0.001 for basalt to 0.006

for alluvium.

Simulations performed with the model show that the
model approximately duplicates natural conditions and
probably can be used to evaluate future effects of changes
in the hydrologic system.
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